
3 SUSY Lagrangians Part II

3.1 SUSY Yang-Mills

δgaugeA
a
µ = −∂µΛa + gfabcAb

µΛc (3.1)

δgaugeλ
a = gfabcλbΛc (3.2)

where Λa is an infinitesimal gauge transformation parameter, g is the gauge
coupling, and fabc are the antisymmetric structure constants

Off Shell OnShell
Aa

µ 3 d.o.f. 2 d.o.f.
λα, λ

†
α̇ 4 d.o.f. 2 d.o.f.

(3.3)

Book-keeping trick: add a real auxillary boson field D

Off Shell OnShell
D 1 d.o.f. 0 d.o.f.

(3.4)

LSYM = −1
4
F a

µνF
µνa + iλ†aσµDµλ

a +
1
2
DaDa (3.5)

where

F a
µν = ∂µA

a
ν − ∂νA

a
µ − gfabcAb

µA
c
ν (3.6)

and

Dµλ
a = ∂µλ

a − gfabcAb
µλ

c (3.7)

δAa
µ = − 1√

2

[
ε†σµλ

a + λ†aσµε
]

(3.8)

δλa
α = − i

2
√

2
(σµσνε)α F

a
µν +

1√
2
εα D

a (3.9)

δλ†aα =
i

2
√

2
(ε†σνσµ)α F

a
νµ +

1√
2
ε†α D

a (3.10)

δDa =
−i√

2

[
ε†σµDµλ

a −Dµλ
†aσµε

]
. (3.11)
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(δε2δε1 − δε1δε2)X = −i(ε1σµε†2 − ε2σ
µε†1)DµX

a (3.12)

for Xa = F a
µν , λ

a, λ†a, Da, this requires the identities:

ξσµσνχ = χσνσµξ = (χ†σνσµξ†)∗ = (ξ†σµσνχ†)∗; (3.13)
σµσνσρ = −ηµρσν + ηνρσµ + ηµνσρ + iεµνρκσκ; (3.14)

σµ
αα̇σ

β̇β
µ = 2δβ

αδ
β̇
α̇. (3.15)

3.2 SUSY Gauge Theories

Add chiral supermultiplets in a gauge representaion with hermitian matrices
(T a)i

j

[T a, T b] = ifabcT c. (3.16)

δgaugeXj = igΛa(T aX)j (3.17)

for Xj = φj , ψj , Fj

covariant derivatives:

Dµφj = ∂µφj + igAa
µ(T aφ)j (3.18)

Dµφ
∗j = ∂µφ

∗j − igAa
µ(φ∗T a)j (3.19)

Dµψj = ∂µψj + igAa
µ(T aψ)j . (3.20)

New renormalizable interactions

(φ∗T aψ)λa, λ†a(ψ†T aφ) and (φ∗T aφ)Da. (3.21)

δφj = εψj (3.22)
δ(ψj)α = −i(σµε†)α Dµφj + εαFj (3.23)

δFj = −iε†σµDµψj +
√

2g(T aφ)j ε
†λ†a. (3.24)

L = LSYM + LWZ

−
√

2g
[
(φ∗T aψ)λa + λ†a(ψ†T aφ)

]
+g(φ∗T aφ)Da. (3.25)
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Here LWZ means the chiral supermultiplet lagrangian in Eq. 2.58, but with
gauge-covariant derivatives, For the theory to be gauge invariant we must
have a gauge invariant superpotential i.e.

δgaugeW ∝W i(T aφ)i = 0. (3.26)

Da equation of motion:

Da = −g(φ∗T aφ). (3.27)

thus the scalar potential is:

V (φ, φ∗) = F ∗iFi +
1
2
DaDa = W ∗

i W
i +

1
2
g2(φ∗T aφ)2. (3.28)

V (φ, φ∗) ≥ 0 (3.29)

We have the following types of Feynman veritces:

Figure 1: Yang-Mills interactions.

Figure 2: Interactions required by gauge invariance.
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Figure 3: Additional interactions required by gauge invariance and super-
symmetry: gaugino-fermion-scalar coupling and (scalar)2 auxillary field cou-
pling which become a quartic coupling after integrating out the auxilary
field.

Figure 4: The dimensionless non-gauge interaction vertices in a supersym-
metric theory: (a) scalar-fermion-fermion Yukawa interaction yijk, (b) quar-
tic scalar interaction yijny∗kln.

using the Noether theorem we find the conserved supercurrent:

Jµ
α = (σνσµψi)αDνφ

∗i − i(σµψ†i)αW
∗
i

− 1
2
√

2
(σνσρσµλ†a)α F

a
νρ −

i√
2
gφ∗T aφ (σµλ†a)α, (3.30)
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Figure 5: Supersymmetric dimensionful couplings: (a) (scalar)3 interac-
tion vertex M∗

iny
jkn, (b) fermion mass term M ij , (c) scalar (mass)2 term

M∗
ikM

kj .
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